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WHAT THIS PAPER ADDS
 Renal failure is common following abdominal aortic aneurysm (AAA) repair and is associated with increased mortality. Identifying
patients at risk of renal failure before surgery is therefore important. The information in the literature regarding risk factors for
renal failure following open elective AAA repair is limited. Six readily available pre-operative risk factors associated with renal
failure following open elective AAA repair have been identiﬁed. A simple clinical risk score has been developed and may allow the
implementation of strategies to preserve renal function and prevent this serious complication of major surgery.a r t i c l e i n f o
Article history:
Received 9 September 2011
Accepted 27 November 2011
Available online 16 December 2011
Keywords:
Elective surgical procedure
Abdominal aortic aneurysm
Risk factors
Kidney failure* Corresponding author. C.N. McCollum, University H
Academic Surgery Unit, Education & Research Centre,
M23 9LT, UK. Tel.: þ44 (0)161 291 5853; fax: þ44 (0)
E-mail address: cnmcc@manchester.ac.uk (C.N. Mc
d On behalf of the participants of Vascular Governa
1078-5884/$ e see front matter  2011 European So
doi:10.1016/j.ejvs.2011.11.018a b s t r a c t
Objectives: Renal failure following abdominal aortic aneurysm (AAA) repair is a common and signiﬁcant
complication. The objective of this study was to identify risk factors for renal failure following open
elective AAA repair.
Design: A retrospective analysis of prospectively collected multi-centre data.
Materials: Consecutive data on patients undergoing open elective AAA repair were collected between
January 2000 and December 2010. Patients with pre-operative serum creatinine >200 mmol/L were
excluded.
Methods: Renal failure was reported by clinicians and included all patients requiring post-operative
renal-replacement therapy. Univariate and multivariate analyses were used to identify renal failure
risk factors. A simpliﬁed clinical risk score was developed.
Results: Post-operative renal failure occurred in 140 (6.0%) of 2347 patients andwas associatedwith age>75
(OR ¼ 1.58, 95%CI 1.11e2.26), symptomatic AAA (OR ¼ 1.77, 95%CI 1.24e2.52), supra/juxta renal AAA
(OR ¼ 2.17, 95%CI 1.32e3.57) pre-operative serum creatinine >150 (OR ¼ 2.75, 95%CI 1.69e4.50), treated
hypertension (OR ¼ 1.87, 95%CI 1.28e2.74), and respiratory disease (OR ¼ 2.08, 95%CI 1.45e2.97). Patients
with post-operative renal failure had signiﬁcantly higher 30-day mortality (35.0% vs. 4.3%, p < 0.001).
Conclusions: Renal failure following open elective AAA repair was associated with an increased risk of
mortality. Risk factors for post-operative renal failure were identiﬁed and a simple clinical risk score
developed to facilitate focussed care strategies for high-risk patients.
 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.ospital of South Manchester,
Southmoor Road, Manchester
161 291 5854.
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Despite increasing numbers of patients undergoing endovas-
cular aneurysm repair (EVAR), open abdominal aortic aneurysm
(AAA) repair is still performed in nearly half of UK, and the majority
of European patients.1,2
Open elective AAA repair is associated with a mortality rate of
approximately 5%,1,3,4 and a risk of developing post-operative renald by Elsevier Ltd. All rights reserved.
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been found to occur less frequently.7,9 The development of post-
operative renal failure following elective AAA repair is a signiﬁ-
cant complication as it is associated with a prolonged length of stay
and a signiﬁcant increased risk of mortality.8,10,11 Identifying
patients at increased risk of renal failure following open elective
AAA repair is therefore of clinical importance.
A number of risk prediction models have been developed for
mortality following AAA repair,12e14 and some studies have iden-
tiﬁed risk factors for the development of post-operative renal
failure following thoracoabdominal aortic aneurysm repair.15,16
However, there is limited information in the literature regarding
which pre-operative patient characteristics predict the develop-
ment of post-operative renal failure following open elective AAA
repair.
The objective of this study was therefore to identify risk factors
for the development of post-operative renal failure following open
elective AAA repair and to develop a simple clinical risk score to
facilitate patient management.
Materials and Methods
This was a prospective multi-centre study conducted on behalf
of Vascular Governance North West (VGNW), a peer-led clinical
governance programme that audits the results of vascular surgeons
from 22 hospitals in the NorthWest of England. Datawere collected
prospectively using a purpose-designed data-entry form on
consecutive open elective AAA repairs carried out between January
2000 and December 2010. Patients with signiﬁcant renal impair-
ment (pre-operative serum creatinine > 200 mmol/L) were
excluded. The VGNW research database has been approved by the
North West Research Ethics Committee (reference 09/H1010/2).
Patient characteristics shown in Table 1 were deﬁned as follows:
ischaemic heart disease included a history of angina, previous
myocardial infarction or previous coronary revascularization;
respiratory disease was deﬁned as a history of respiratory disease
with dyspnoea on exertion or at rest; diabetes included diet-
controlled, tablet-controlled or insulin-dependent; abnormal
electrocardiogram (ECG) included atrial ﬁbrillation or any other
abnormal rhythm, Q or ST wave changes and >5 ectopic beats per
minute. All medications were recorded if they were being taken by
the patient at the time of admission. Low haemoglobinwas deﬁned
as <13.0 for men and <11.0 g/dL for women. Abnormal serum
sodium was deﬁned as <135 or >145 mmol/L, abnormal serum
potassiumwas deﬁned as<3.5 or>5.5mmol/L, and elevated serum
urea was deﬁned as >7.5 mmol/L. Juxta/supra renal AAA and AAA
symptoms were as deﬁned by the participating surgeons.
The primary outcome measure for the study was post-operative
renal failure which was reported by the participating surgeons and
included all patients requiring post-operative renal-replacement
therapy. Mortality was deﬁned as death within 30-days following
open elective AAA repair regardless of cause and was collected
using local hospital systems. All variables missing for more than 15
per cent of subjects were excluded from the analysis. Categorical
variables were coded as 1 if they were present; otherwise, they
were coded as 0 meaning that if a condition or ﬁnding was not
recorded or mentioned in the patient’s record, or the test had not
been performed, the condition was assumed to be absent. For
continuous variables the sample median was substituted for
missing values.
Statistical analysis
The c2 test was used for statistical analysis of categorical vari-
ables which are shown as percentages. Continuous variables areshown as median values with 25th and 75th percentiles. Standard
statistical tests were used to calculate odds ratios and 95% conﬁ-
dence intervals (CI). A logistic regression analysis was undertaken
using the forward stepwise technique, to identify risk factors for
post-operative renal failure. Candidate variables with p < 0.1 on
univariate analysis were entered into the model and retained if the
p-value achieved was <0.05. The area under the receiver operating
characteristic (ROC) curve and the HosmereLemeshow goodness-
of-ﬁt statistic were calculated to assess the performance and cali-
bration of the model respectively. A simpliﬁed clinical risk score
was developed from the logistic regression model and was scored
by rounding the adjusted odds ratio for each variable to the nearest
0.5. These weights were then summed to give a renal failure score.
The relationship between the simpliﬁed clinical risk score for renal
failure and the probability calculated from the logistic regression
model was compared to give a predicted risk range.
In all analyses, p < 0.05 was considered signiﬁcant. Statistical
analysis was performed with SAS for Windows version 8.2 (SAS,
Cary, North Carolina, USA).
Results
Patient characteristics and outcomes
During the study period 2378 patients underwent open elective
AAA repair. A total of 31 patients were excluded due to signiﬁcant
pre-operative renal impairment. Post-operative renal failure
occurred in 140 (6.0%) of the 2347 patients included. The median
agewas 73 (25th and 75th percentiles: 68e73) with the majority of
patients being men (81.5%). The overall 30-day mortality rate for
the cohort was 6.1%. Patients who developed post-operative renal
failure were signiﬁcantly more likely to die within 30-days of open
elective AAA repair with a mortality of 35.0% compared to 4.3% for
those without renal failure (OR 12.0, 95%CI 8.0e17.9, p < 0.001).
Univariate analysis of risk factors for post-operative renal failure
Patient characteristics associated with post-operative renal
failure are shown in Table 1. Age >75 years, symptomatic AAA,
respiratory disease, diabetes, anti-platelet medication, treated
hypertension, abnormal ECG, abnormal serum potassium, elevated
serum urea, serum creatinine >150 mmol/L and a juxta/supra renal
AAA were all signiﬁcantly associated with post-operative renal
failure.
Multivariate analysis of risk factors for post-operative renal failure
Independent risk factors for post-operative renal failure are
shown in Table 2. These included age>75 years, symptomatic AAA,
respiratory disease, treated hypertension, juxta/supra renal AAA
and serum creatinine >150 mmol/L. The area under the ROC curve
for the multivariate model was 0.73. The HosmereLemeshow
goodness-of-ﬁt statistic across groups of risk was not statistically
signiﬁcant indicating that the model ﬁts the data well (Fig. 1,
p¼ 0.39). The simpliﬁed clinical risk score derived from the logistic
regression equation is shown in Table 3.
Low-, medium- and high-risk groups were created by dividing
the cohort into tertiles based on the patients predicted risk of post-
operative renal failure. Low-risk patients had 3.0% risk, medium-
risk had>3.0% and5.5% risk, while high-risk patients had a>5.5%
risk of post-operative renal failure. Out of the total 140 cases of
post-operative renal failure, 104 (74.3%) occurred in the predicted
high-risk group. The observed and expected rates of post-operative
renal failure for each risk group are shown in Fig. 2. There were no
signiﬁcant differences between the observed and expected post-
Table 2
Logistic regression model for post-operative renal failure following open elective
AAA repair.
Co-efﬁcient Odds
ratio
95%CI p value
Age >75 years 0.460 1.58 1.11e2.26 0.011
Symptomatic AAA 0.570 1.77 1.24e2.52 0.002
Respiratory disease 0.732 2.08 1.45e2.97 <0.001
Treated hypertension 0.628 1.87 1.28e2.74 0.001
Juxta/supral renal AAA 0.774 2.17 1.32e3.57 0.002
Serum creatinine > 150 mmol/L 1.015 2.75 1.69e4.50 <0.001
Intercept 4.041
AAA, abdominal aortic aneurysm.
Table 1
Association between pre-operative characteristics and the development of renal failure following open elective AAA repair; univariate analysis (n ¼ 2347).
% of patients Post-operative
renal failure (%)
Odds ratio
(95%CI)
p valuea
Age (years) 75 66.4 4.8 Ref.
>75 33.6 8.2 1.78 (1.26e2.51) 0.001
Gender Male 81.5 6.0 Ref.
Female 18.5 6.0 1.01 (0.65e1.56) 0.98
Symptomatic AAA No 58.2 4.3 Ref.
Yes 41.8 8.2 1.99 (1.41e2.81) <0.001
AAA diameter 6.0 cm 56.0 6.0 Ref.
>6.0 cm 44.0 5.9 0.98 (0.70e1.39) 0.92
Previous MI No 76.7 5.6 Ref.
Yes 23.3 7.3 1.34 (0.92e1.96) 0.13
Ischaemic heart disease No 54.3 5.8 Ref.
Yes 45.7 6.2 1.06 (0.76e1.50) 0.73
Respiratory disease No 73.0 4.3 Ref.
Yes 27.0 10.4 2.58 (1.83e3.64) <0.001
Diabetes No 91.1 5.7 Ref.
Yes 8.9 9.1 1.67 (1.01e2.77) 0.047
Anti-platelet medication No 50.7 4.9 Ref.
Yes 49.3 7.1 1.49 (1.05e2.10) 0.024
Treated hypertension No 51.7 3.6 Ref.
Yes 48.3 8.5 2.46 (1.70e3.55) <0.001
Statin therapy No 55.9 5.6 Ref.
Yes 44.1 6.4 1.14 (0.81e1.61) 0.45
Abnormal ECG No 70.7 5.1 Ref.
Yes 29.3 8.0 1.61 (1.14e2.29) 0.007
Low haemoglobin (g/dL) No 79.4 5.5 Ref.
Yes 20.6 7.7 1.42 (0.96e2.10) 0.078
Abnormal serum sodium (mmol/L) No 90.5 5.8 Ref.
Yes 9.5 7.1 1.24 (0.72e2.13) 0.43
Abnormal serum potassium (mmol/L) No 92.2 5.6 Ref.
Yes 7.8 9.8 1.81 (1.08e3.05) 0.023
Elevated serum urea (mmol/L) No 75.4 4.5 Ref.
Yes 24.6 10.4 2.45 (1.73e3.50) <0.001
Serum creatinine > 150 mmol/L No 93.6 5.2 Ref.
Yes 6.4 16.6 3.59 (2.25e5.74) <0.001
Juxta/supral renal AAA No 92.7 5.4 Ref.
Yes 7.3 13.5 2.74 (1.70e4.41) <0.001
AAA, abdominal aortic aneurysm; MI, myocardial infarction; ECG, electrocardiogram.
a c2 test.
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risk (p ¼ 0.79), or high-risk (p ¼ 0.77) groups.
Discussion
This study has identiﬁed six independent pre-operative risk
factors for the development of post-operative renal failure
following open elective AAA repair. These risk factors are easily
available and can be combined to give a simple additive clinical risk
score. This model can help the clinician and patients by providing
a simple method to assess the risk of developing renal failure
following open elective AAA repair.
The rate of post-operative renal failure in this study at 6.0%, is
similar to previously published studies.6e8 As with previous studies
patients who developed post-operative renal failure had a signiﬁ-
cantly increased risk of 30-day mortality.8,10,11 This means that
identifying high-risk patients is clearly of clinical importance,
especially if focussed care strategies to preserve renal function can
be implemented.
Patients undergoing open elective AAA repair may be suscep-
tible to the development of post-operative renal failure for
a number of reasons. Firstly, patients with AAA have often smoked
and have widespread atherosclerosis resulting in concomitant
cardiovascular and renal disease.17 Secondly, a number of medica-
tions used for the treatment of cardiovascular disease in patients
with AAA can increase the risk of renal impairment.18,19 Thirdly, the
requirement for cross-clamping of the aorta above or close to the
renal arteries may result in renal hypo-perfusion and embolism.20The recently published clinical practice guidelines from the
European Society for Vascular Surgery on the management of AAAs
recommend identifying patients who have serum creatinine or
estimated glomerular ﬁltration rate (eGFR) outside the normal
range for referral to a renal physician prior to elective AAA repair.21
This study now allows a more comprehensive pre-operative
assessment of the risk of developing post-operative renal failure.
Patients who are found to be at increased risk using this model
should undergo a pre-operative review by a renal physician so that
renal optimisation strategies can be considered prior to AAA repair.
These strategies may include minimising exposure to poten-
tially nephrotoxic agents such as angiotensin converting enzyme
inhibitors and angiotensin receptor blocking drugs on the day of
surgery.22 The use of intravenous contrast in the peri-operative
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Figure 1. Observed versus expected post-operative renal failure for groups of
increasing risk. The HosmereLemeshow goodness-of-ﬁt statistic across groups of risk
was not statistically signiﬁcant (p ¼ 0.39), indicating little departure from a perfect ﬁt.
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haemodynamic optimisation using ﬂuids or inotropes has also
been shown to reduce the risk of post-operative renal dysfunction
and should be considered.23 Utilising such renal optimisation
strategies may help reduce the rate of post-operative renal failure
and potentially the mortality associated with this complication.
Most risk factors for renal failure identiﬁed in this study are
known to be associated with impaired renal function. Elderly
patients (identiﬁed as patients aged 75 years) are known to have
decreased renal reserve and a reduced ability to respond to stresses
such as major surgery or acute illness.24
The association between AAA symptoms and post-operative
renal failure has not been described previously. For this study,
a patient was recorded as having a symptomatic AAA if any
symptoms were thought to be attributable to the AAA by the
participating surgeon. The proportion of patients with symp-
tomatic AAA in this cohort initiated more than a decade ago is
high at 41.8% but has decreased over the study period. This is
likely to be because incidental detection of AAA on abdominal CT
or ultrasound scan has increased. Symptomatic patients are
clearly different to asymptomatic patients as they may undergo
high-risk AAA repair that would otherwise be considered inap-
propriate if asymptomatic, or they may be operated on more
urgently without adequate pre-operative optimisation. Symp-
tomatic AAAs may also be associated with inﬂammation or
degrading luminal thrombus which may increase the risk of renal
failure in these patients.Table 3
Simple clinical risk score for post-operative renal failure following open elective AAA
repair.
Patient characteristic Post-operative
renal failure score
Age >75 years 1.5
Symptomatic AAA 2
Respiratory disease 2
Treated hypertension 2
Juxta/supral renal AAA 2
Serum creatinine >150 mmol/L 2.5
Renal failure score Predicted risk
0e1.5 2% to <3%
2.0e3.5 3% to <5.5%
4.0e5.5 5.5% to <11%
6.0e7.5 11% to <19%
8 or more >20%
AAA, abdominal aortic aneurysm.Pre-existing respiratory disease is associated with a risk of post-
operative respiratory failure, itself a risk factor for the development
of renal failure.25 The rates of chronic renal failure and concealed
chronic renal failure (low eGFR, but normal serum creatinine) have
been demonstrated to be higher in patients with chronic respira-
tory disease.26 Lung disease has also been shown to predict renal
failure following cardiac surgery.27 Hypertension is one of the most
important risk factors for the development of renal disease,28,29 and
is therefore expected to be an important risk factor for the devel-
opment of post-operative renal failure.
In this study juxta/supra renal AAA was deﬁned by the surgeon
and may have included patients with an infra-renal aortic clamp
but short aneurysm neck. Cross-clamping of the aorta above or
close to the renal arteries in open repair of juxta/supra renal AAAs
may result in renal ischaemia and potential embolisation of
atherosclerotic material into the renal arteries. Repair of juxta/
supra renal AAA is therefore, as expected, associated with a higher
risk of renal complications than infra-renal AAA repair; renal
dysfunction rates between 18 and 41% and dialysis requirement
rates between 4 and 7% have been reported in such patients.30e33
Pre-operative impaired renal function identiﬁed by serum
creatinine >150 mmol/L in this study has been consistently identi-
ﬁed as a risk factor for mortality following open AAA repair and
EVAR.12e14,34e36 As expected, pre-operative abnormal renal func-
tion has also been shown to be associated with poor renal
outcomes following AAA repair.10,35 Pre-operative serum creatinine
which is used in this study can be inﬂuenced by a variety of factors
independent of GFR and is therefore not as sensitive as eGFR as
a measure of impaired renal function. It has been suggested that
eGFR may be a better predictor of outcome following EVAR and
thoracoabdominal aneurysm repair.37,38 Reliable data to allow the
calculation of eGFR was not available for this study, and it is
possible that the predictive model may be improved by using eGFR
instead of serum creatinine.
Open AAA surgery itself is associated with an increased risk of
post-operative renal failure compared to EVAR. Although not
included in this study, the rate of renal failure in our study pop-
ulation following EVAR was only 0.8%, which is similar to other
previous studies.7,9 As far as the authors are aware this is the ﬁrst
risk predictionmodel for the development of renal failure following
open elective AAA repair. Risk prediction models for renal failure
following thoracoabdominal aortic aneurysm repair have been
published and have identiﬁed age and pre-operative elevated
serum creatinine as risk factors.15,162.0
4.0
6.0
8.0
10.0
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% post-operative
renal failure
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2.0
observed
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0.0
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Figure 2. Observed and expected post-operative renal failure for low-risk, medium-
risk, and high-risk groups.
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prospectively collected multi-centre datawhich has been subjected
to local validation and has the conﬁdence of clinicians. A limitation
is that the dataset used only included pre-selected pre-operative
variables; there may be other variables that could potentially
impact on post-operative renal failure which were not recorded.
Unfortunately no data on post-operative length of stay was
collected, nor was data collected on the requirement for continued
dialysis following hospital discharge or on the long-term outcomes
of patients who developed post-operative renal failure. The derived
clinical risk score also requires validation on an external dataset
before it can be widely accepted in clinical practice. The authors
would welcome an approach by other groups wishing to undertake
any such validation.
Post-operative renal failure is associated with signiﬁcant
mortality. This study will help clinicians identify patients who are
at high-risk of renal failure following open elective AAA repair.
These patients should undergo a pre-operative renal review.
Further work is required on which pre- and peri-operative strate-
gies are useful in preventing renal failure in these patients.Contributors
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